The present study is concerned with the feasibility of using organic solvent, Alamine 336 in kerosene to extract U from sulfate leach liquor of Abu-Hamata sandy clay stone ore sample. The prepared sulfate leach liquor assays 0.45g/L of U with achieved leaching efficiency of 98.9%. The obtained results indicate that U extraction efficiency depends mainly on Alamine 336 concentration, strongly influenced by pH value, contact time and the organic / aqueous (O/A) ratio. Uranium in the organic phase was stripped using a solution of 1M NaCl acidified with 0.2M H 2 SO 4 with an achieved stripping efficiency of 93.9% at A/O ratio of 1/1 and shaking time of 5min. Not less than 99% of U in the obtained U rich strip solution was directly precipitated using H 2 O 2 solution to produce the final pure product of U 3 O 8 .
Introduction
The global U demand (the main source to generate the atomic power) is expected to grow up in the next years as cheap and more quantity of the electricity to full fill the country demands. Sandstone deposits are considered as one of seven conventional U resources with the highest reserve in the world, Dahlkamp, (1980) . Abu Hamata clay stone rock fancies of Um Bogma formation which occurs at Abu Zeneima area, Southwestern Sinai, Egypt is considered indeed one of the most important occurrence of U beside some associated economic metal values e.g. REEs, V, B, Zn, Cu,…. etc. Al Shami, (2003) recorded some trace elements in the claystone rocks such as Ba and U at Abu Hamata area. Field study observation revealed the presence of minerals of U, Cu as well as Fe-Mn at the area under study. The main identified secondary U minerals include uranophane, betauranophane, carnotite, kasolite, meta-torbernite, meta-uranocircite and bassetite. Sulfuric acid is the predominate agent used for U dissolution because of its relatively low cost, wide availability and shorter leaching time. U is effectively recovered from the sulfate leach liquor through two mainly techniques namely; ion exchange and solvent extraction, Ritcy and Ashrock (1982) . Moreover Amer (1997) and Ghonaim et al., (2004) have studied H 2 SO 4 acid leaching of Abu Zeneima gibbsite ore materials for recovering Al, Zn, U and Cu. In recent years organic solvents are the most popular choice for U extraction and purification circuits. The phosphorous based extractants namely; tributyl-phosphate (TBP), di-(2-ethylhexyl) phosphoric acid (D2EHPA), 2-ethylhexyl phosphonic acid, mono-2-ethylhexyl ester (PC 88A), tri-n-octylphosphine oxide (TOPO or Cyanex 923) and bis (2, 4, 4-trimethylpentyl) phosphonic acid (Cyanex 272) were used for U(VI) extraction from various acidic solutions. Tertiary amines of the general formula R 3 N, where R (alkyl group containing eight or ten carbon atoms) are commonly used in acid leach circuits. Kumar, et al. (2010) studied the recovery of U and its separation from V in synthetic sulfate leach liquor. While NH 4 Cl solution was used as stripping agent. In addition, selective separation of U from the associated REEs and Th in monazite sulfate leach liquor was attained by Amaral, et al., (2010). The extraction of 95% of U from diluted sulfate leach liquor that contains high concentrations of REEs was conducted by using 2% (v/v) Alamine 336. A stripping efficiency of 98% from the loaded U was attained by 1NaCl acidified with 0.2M H 2 SO 4 , Ramadevi, et al. (2012) . The present paper is concerned with the concentration of U from Abu-Hamata sandy claystone sulfate leach liquor rich with REEs via organic solvent extraction technique. Alamine 336 was used for this purpose, where pure U product was attained from the concentrated U strip solution via direct precipitation using H 2 O 2 .
Experimental
Experimental work requires the investigation of both mineralogical and chemical constituents of the representative technological sample as well as the processing procedures (leaching & extraction) of the metal values.
Investigation of mineralogical and chemical constituents
To identify the mineralogical composition of Abu Hamata sandy clay stone ore sample, a 1kg weight of the working bulk sample ground to a mesh size of -60 was carefully washed with tap water several times to remove the slimes. After dryness and using a set of sieves ranging from 500 to 100 µm, different portions of different volume size ranging from 35 to 140 mesh were obtained. The latter under heavy liquid separation using bromoform (sp.gr. 2.84), were separated to different light and heavy fractions. Each fraction was isodynamically separated at (0.2, 0.5, 1.0 and 1.5 Amp.) using Frantz isodynamic separator. Several different grains from each fraction were picked up by using binuclear microscope. The latter were investigated using X-ray diffraction, (XRD), analysis technique to identify the present minerals. 
Preparation of working sulfate solution.
The working sulfate solution of the studied ore sample was prepared via acidic agitation leaching of 1kg weight by using 5% H 2 SO 4 at a solid/ liquid, (S/L) ratio of 1/2 and stirring time of 1h, while the leaching temperature was kept at 75 o C. After filtration and washing with distilled H 2 O, the final volume of the prepared sulfate leach liquor was 4 liters and its pH value was found to attain pH 0.5. The latter was directed to solvent extraction unit to recover its U content.
Optimization of Alamine 336 effective extraction parameters
Uranium in the prepared sulfate leach liquor was extracted by using Alamine 336 in Kerosene. The diluted neutral Alamine 336 was pretreated with 0.2M H 2 SO 4 for 10 min at an O/A ratio of 1/1 to convert to its suitable extractant sulfate form. The relevant effective extraction parameters such as: extractant concentration, pH value, contact time and phases volume ratios (O/A) were investigated to optimize the loading U process. The type and concentration of the stripping solution and phases ratios (O/A) were studied to optimize the U stripping process.
Preparation of U pure product
The strip U concentrated solution was adjusted to direct precipitation process by using H 2 O 2 solution at pH 2. After filtration and washing, the precipitated U cake was ignited at 850°C for 1h to be crystallized. The produced U 3 O 8 was washed, dried and then identified using XRD analysis technique and chemically analyzed to estimate its final purity, Bhowmik et al. . The latter has a wide distribution in 1.5 Amp. of non magnetic fraction with lesser extent in 1.0A magnetic fractions. U in such secondary U minerals was characteristic by its easier dissolution, thus the leachability of U was very easy and applicable. Renardite, is a yellow mineral consists of hydrous basic Pb uranyl phosphate with chemical composition as UO 2 of 64.62wt.%, P 2 O 5 of 8.49 wt. %, H 2 O of 9.7 wt.% and PbO of 13.35 wt.%. It is a rare secondary uranyl mineral formed by alteration of uraninte (UO 2 ) or earlier-formed secondary uranium minerals and it is characterized by the ease of its dissolution. Finally, it was quite important to mention herein that, the mineralogical study proved that, the working sandy clay stone ore material has no identified mineral grains for either REEs, B or V although their relative high content in the study ore sample. This is probably due to their adsorption upon the clay mineral, [montmorillonite] . Complete chemical analysis of the studied sandy clay stone ore sample, Table ( Mackenzie (1997) . Thus, the suitable choice for U extraction from the prepared sulfate solution will be done using organic solvents. For this purpose, Alamine 336 in kerosene would be used to recover U. Fig. ( 2) Shows the effect of Alamine 336 concentration upon U extraction efficiency from the working sulfate solution of pH 0.5. Four equilibrium experiments were conducted by using different Alamine 336 concentrations ranging from 1 to 5% in kerosene at O/A volume ratio of 1/1 and contact time of 5 min. After separation, U was analyzed in the raffinate aqueous solution to calculate its extraction efficiency. The obtained data emphasized that Alamine 336 concentration has a great influence on U extraction efficiency which is progressively improved from 64.8 to 92.2% as the Alamine concentration increases from 1-2%. It is also observed that further increase in the solvent concentration, more than 2%, shows limit increase in U extraction efficiency. 
Effect of pH values
The effect of pH values of the prepared sulfate solution upon U extraction efficiency, % was studied in the range from 0.5 to 1.5. The other parameters were kept constant at Alamine 336 concentration of 2% (v/v) in kerosene, O/A volume ratio of 1/1 and contact time of 5min. Data shown in Fig. (3) revealed that the percentage of U extraction efficiency increased from 92.2% to 97.6% with increasing the pH value of the sulfate leach liquor from 0.5 to 0.75. While further increase in the pH values to 1 and 1.5 has an opposite effect, where U extraction efficiency deceased up to 73.3%. This decrease in efficiency is due to the decreasing in the acidity of the working sulfate which inhibits quaternary liquid amines for U uploading. Figure ( 4) indicates the effect of contact time (shaking time) upon U extraction efficiency from the working sulfate solution of pH 0.75. The latter was mixed with 2% (v/v) Alamine 336 in kerosene and shacked at different time periods ranging from 2 to 10 min at O/A volume ratio of 1/1. The resulted data clearly indicate that the % extraction efficiency of U increases to its maximum value (97.6%) at the contact time of 7min. It shows also that the % extraction efficiency of U did not affected by further contact time increasing up to 10 min. This may be explained by achieving the organic solvent to its equilibrium capacity. 
Effect of contact time

Effect of (O/A) ratio, (McCabe Thiele diagram)
The effect of different O/A ratios upon U extraction efficiency was studied by contacting the present sulfate solution adjusted to pH0.75 with 2% (v/v) Alamine 336 in kerosene at different O/A ratios ranging from 2/1…. 1/1…… 1/2 for a contact time of 7min. U in the raffinate aqueous solution was analyzed after separation and its % extraction efficiency was calculated and tabulated as given in Table ( D 44, but these ratios are not applied because they give a diluted loaded U in the organic phase. On the other hand, the U extraction efficiencies at O/A ratios of 1/2 and 1/1.5 which were 84 and 92%, respectively and their O A D were 12.2 and 5.25, respectively. These O/A ratios were also not applied because they are lower than that of 1/1. Indeed, the applied A/O ratio was 1/1which was also economic to save the organic solvent. McCabe Thiele diagram, Fig. (5) shows that there are only two extraction stages required for almost extraction of U from the prepared solution From the above study, it could be concluded that the maximum U extraction efficiency of 98% from Abu-Hamata sandy claystone sulfate solution was achieved by using 2% v/v of Alamine 336 at pH 0.75 and contact time of 7 min at O/A ratio of 1/1. By applying these conditions upon 500 mL of the working sulfate solution, it was found that 2% Alamine 336 in kerosene could uptake about 2000 mg of U with achieved U extraction efficiency of 89%. This could be attributed to the presence of interfering anions in the prepared sulfate solution e.g. SO 4 2-, HSO 4 -and Cl -[Merrit (1971), Ritcy, et al., (1993) and Mackenzie (1997) ]. The loaded solvent was then directed to the stripping step for recovering its loaded U. 
Optimization of the stripping process
The stripping process is not only to regenerate the loaded organic solvent but also to obtain a U rich solution suitable to produce the preferred products. The stripping process of the loaded U represented in equation. Different effective stripping parameters such as: type and concentration of stripping reagent, contact time and Oِ /A volume ratios were studied to attain the maximum U stripping efficiency.
(R 3 NH) 4 UO 2 (SO 4 ) 3 + 4NaCl 4(R 3 NHCl) + Na 4 UO 2 (SO 4 ) 3
Effect of stripping reagent types. The loaded Alamine 336 was stripped with different stripping reagents such as: 5% (H 2 SO 4 , HCl, HNO 3 , NaCl and NaCl acidified in 0.2M H 2 SO 4 ) at O/A volume ratio of 1/1 and contact time of 5 min. After separation, U in the strip solution was analyzed and its % stripping efficiency was calculated. The obtained data revealed that the maximum U stripping efficiency (93.9%) was given by using the acidified NaCl in 0.2M H 2 SO 4 solution as the stripping solution. While the other reagents gave lower values as shown in Fig. (6) .
Effect of strip solution concentrations
The of changing strip solution concentrations upon U stripping efficiency was conducted by mixing the loaded solvent with NaCl acidified in 0.2M H 2 SO 4 in different concentrations such as: 2.5, 5, 7.5 and 10%. The other stripping parameters were kept constant at O/A volume ratio of 1/1 and contact time of 5 min. Results represented by Fig. (7) clearly revealed that U stripping efficiency showed great improvement from 78 to 93.9% as the strip solution concentration increased from 2.5 to 5%. On the other hand, further increase in strip solution concentration to 7.5 and 10% show slightly improvement in the U stripping efficiency which increased to 95.2 and 96.8%, respectively. Indeed, a concentration of 5% of the strip solution was already chosen and improved with other parameters. The stripping efficiency of U from the saturated loaded Alamine 336 using 5% NaCl acidified with 0.2 M H 2 SO 4 strip solution was investigated at different O/A volume ratios ranged from 1/2….1/1….1/2 by contacting for 5min. After separation and analysis of U in the strip aqueous solution, it was clearly observed that the almost loaded U was stripped with achieved stripping efficiency of 100% at O/A ratio of 1/2 and reached 96% at O/A of 1/15. These ratios were not applied because they yield U diluted solutions. On the other side, U stripping efficiency decreased to 63% and 72.2% at O/A ratios of 2/1 and 1.5/1, respectively, (Table 10 & Fig. 9 ). These ratios were also not applied because they are lower than the U stripping efficiency at O/A ratio of 1/1, (93.9%) which was the ideal for application. From the forgoing study, U was almost transfered to the aqueous soltion with an achieved U stripping efficiency of 93.9% by using 5% NaCl solution acidified with 0.2M H 2 SO 4 and stripping time of 5 min at O/A ratio of 1/1.
Preparation of pure U 3 O 8
The obtained U rich strip solution which assays 4.1 g/L of U was then treated with H 2 O 2 solution for precipitating its U content as uranyl hydroxide, UO 2 (OH) 2 with an achieved precipitation efficiency of 99%. The optimum precipitation conditions are pH 1, stirring time period of 3h at a temperature ranged from 20 to 25 o C, (Merritt, 1971; Shabbir and Tame, 1974; Gupta et al., 2004) . After filtration and washing, the precipitated U hydroxide cake was ignited at 850°C for 1h to be crystallized. The produced U 3 O 8 was washed, dried and directed to identification by using XRD analysis technique as shown in Fig (10 
Conclusions
The potentiality of preparing highly pure U 3 O 8 from sulfate solution of Abu Hamata sandy clay stone ore material assaying 0.45g/L of U has been attained via solvent extraction process. Alamine 336 was used for extracting 97% this purpose at O/A volume ratio of 1/1, contact time of 7.5mim and pH1. More than 93% of the loaded U was already stripped and transferred to the aqueous solution by using 5% NaCl solution acidified with 0.2M H 2 SO 4 at A/O volume ratio of 1/1and stripping time of 5min. Not less than 99% of U in the obtained strip solution was precipitated as UO 2 (OH) 2 by using H 2 O 2 solution at pH1, stirring time of 3h at a temperature ranged from 20 to 25 o C. The obtained uranyl hydroxide cake was ignited at 850 0 C to produce U 3 O 8 of achieved purity of 98.5%.
